The popularity and wide use of stable organic paramagnetic materials in science and technology is constantly increasing. The discovery of new stable radicals has a significant effect on the emergence and formation of promising new scientific and engineering trends [1] . One of these new ideas is the use of stable radicals for the chemical modification of polymers. Among the more promising modifiers recently investigated are organic compounds capable of interacting with a polymer to form stable radicals grafted to a polymer matrix, in particular stable nitroxyl radicals [2, 3] . Nitroxyl radicals can be introduced into polymeric materials by the use of nitroso compounds and nitrons as modifiers. A characteristic feature of these substances is their capacity for radical capture.
Nitroxyl radicals are a broad class of stable radicals which are widely used at the present time in various sectors. The introduction of nitroxyl radicals into the structure of polymer macromolecules allows their physical, mechanical. Chemical and service properties to be considerably modified, which is of immense practical and theoretical interest. The main characteristic of nitroxyl radicals distinguishing them from other stable organic radicals is the preferential localisation of an unpaired electron at the NO unit and the reduction of its energy level (~133.7 kJ/mol) [4] .
The existence in a polymer adduct (grafted with nitroxyl radical) of a phenyl fragment and a paramagnetic centre (>N-O*) has made it possible to use C,N-diphenyl-(DPhN) and C-phenyl-N-tertbutylnitron (PhBN) as modifiers and stabilisers of polymers. In terms of their reaction capacity nitroxyl radicals are almost as good as quinones and are better than nitroso compounds. Comparative characterisations of the reactivity of spin traps and nitroxyl radicals showed that the nitroxyl radicals are more effective by 2 -5 orders as acceptors of free radicals than spin traps -nitrons and nitroso compounds [5] .
The chemical properties of polymeric nitroxyl radicals, determined by the properties of the [.N-O*] fragment broadly coincide with those of standard nitroxy radicals. They are characterised by high chemical stability in a wide range of pH values in aqueous solutions, and by thermo-and photo-oxidative stability. The lifetime of such radicals is many years, and in an inert medium is practically unlimited. Nitroxy radicals chemically bonded to a polymer significantly increase its resistance to the effect of the factors mentioned above, thus protecting the polymer from breakdown and prolonging the service life of polymeric products [6] .
Research carried out so far indicates that there are different possible methods for initiating processes of introduction of the nitroxyl radicals into the polymer chain. However, from a technological viewpoint the greatest interest attaches to the thermomechanical method of grafting nitroxyl radicals to the polymer, since many polymer processing methods are carried out under these conditions.
In the present paper results are presented of studies of the preparation of polyethylene containing nitroxyl radicals immobilised on the polymer chains. The generation of active radical centres on the polymer chain was achieved by thermomechanical action on the polyethylene. Nitrons interacting with these centres are converted into stable nitroxyl radicals.
The thermomechanical initiation of macroradicals of PE, associated with the rupture of C-C or C-H binds can be arbitrarily represented as follows: 
The formation of active centres was achieved with access of atmospheric oxygen, therefore at the same time as mechanical degradation there was partial oxidation of the polyethylene with the formation of oxygen-containing groups.
The general scheme of formation of nitroxyl radicals was:
In accordance with the aim of the study we investigated the influence of various factors on the process of capture of nitrons by the polyethylene radicals. We examined the effect of temperature, rotor speed, time of mixing and also of the type and concentration of nitrons in the polyethylene.
C,N-diphenylnitron and C-phenyl,N-tertbutylnitron were introduced into the polymer melt, the concentration of nitrons being 10 per 100 of polyethylene. The mixing was carried out in a Brabender mixer. The effectiveness of the reaction of attachment of a nitron to the PE was studied by EPR immediately after preparation of the specimens at room temperature, on a Rubin RE/Kh-1307 radiospectrometer with high-frequency modulation of the magnetic field of 100 kHz.
The influence of temperature on the grafting of nitrons to the PE was studied in the range 100 -160°C. This temperature range was selected because of the processing parameters of PE on the one hand and also because of the stability of the nitron at these temperatures.
In addition to this the rotor speed was varied: 30, 40, 50, 70 and 100 rev/min.
The data in Table 1 show that the highest content of attached nitron occurs at 160°C and 100 rev/min. Evidently with increase in temperature and rotor speed there is an increased probability of homolytic rupture of certain bonds in the polymer macromolecules and hence an increase in the probability of radical attachment of the nitron to the polyethylene. It is known however that mechanical degradation has a negative temperature coefficient. But the data obtained show that the contribution of shear forces in the process of formation of polyethylene radicals and hence also of the grafted nitroxyl radicals increases with increase in temperature. As was indicated above, mixing was carried out in the presence of atmospheric oxygen and obviously under these conditions at temperatures above 130°C the main role in the breakdown of the polyethylene macromolecules belongs to the hydroperoxide groups formed during oxidation. The decay of these generates alkoxy radicals which are responsible for the breakdown of the macromolecules of the polymer chain [7] . Thus, the increase in the concentration of grafted nitroxyl radicals in the polyethylene at a temperature of 160°C with increase in the rotor speed is probably caused not by the effect of mechanical degradation but by thermooxidative degradation of the polymer chains activated by mechanical stresses, which ultimately leads to the formation of active radical centres in the polyethylene and to the attachment of nitrons to it. Further changes in the external factors were applied at 160°C and at a rotor speed of 100 rev/min. Using the data in Table 1 we plotted the corresponding graphic dependences (Figures 1 and 2) .
The influence of the mixing time was studied in the range from 1 to 15 min.
An increase in the concentration of nitroxyl radicals is observed during the first 5 min of mixing, and after this their content practically remains unchanged. Thus it was established that the length of the mixing time has no real effect on the concentration of nitroxyl radicals in the polymer and the optimum time of mixing is 5 min, which is obviously due to the rapidity of oxidation processes with longer mixing times.
The concentration of grafted nitroxyl radicals can be increased not only by optimising the mixing parameters for the production of modified polyethylene but also by increasing the content of the initial nitron (Figure 3) . This in effect is what is observed in the range up to 10 parts by mass, but is economically inadvisable to use such high doses of nitrons.
Also, as can be seen from Figure 4 , when the nitron content is increased to more than 10 parts by mass the concentration of nitroxyl radicals does not change. This is probably due to the fact that when the nitron (DPhN, PhBN) is introduced in amounts of 15 -20 pbm a portion of the nitroxyl radicals formed is used up in additional interactions and the rate of accumulation of nitroxyl radicals becomes comparable with the rate of their loss.
It should also be noted that the formation of graft diphenylnitroxyl radicals takes place more intensively, owing to the different reactivity of the diphenyl-and phenyltertbutylnitrons. DPhN shows a higher activity in capturing radicals of the polyethylene macroradical, which is due to the so-called steric factor.
The maximum achieved concentration of grafted nitroxyl radicals for C,N-diphenylnitron and C-phenyl-N-tertbutylnitron in polyethylene is 4.1 x 10 15 sp/g and 2.7 x 10 15 sp/g of polymer respectively. In order to prove the grafting of the nitroxyls to the polyethylene the unattached nitron was extracted with hexane in a Soxhlet apparatus.
Thus, the composition of the modifying system nitron -polyethylene snf its method of preparation were established. In using this system as a modifier for lowdensity polyethylene the following positive effects were noted: increase in the melt flow index by 50% and almost a 100% increase in the elastic modulus. Also shown was the stabilising effect of nitron-polyethylene concentrate during UV ageing for 100 h. After irradiation of the specimens of unmodified PE there was a deterioration in the physico-mechanical properties, in particularly the strength and relative elongation in tension decreased by about 30%, whereas the specimens that had been modified with nitron-polyethylene concentrate retained their properties at the level of the unirradiated specimens. A study was made of the influence of modified polyethylene containing grafted nitroxyl radicals on the properties of polyisoprene rubber, and it was shown that the use of this modifying system has a positive effect on the properties of rubber mixes and vulcanisates.
Thus, the system employed in these model studies showed the possibility of being used as a modifying and stabilising additive for polymers. More detailed results of tests will be presented in ensuing publications.
